Among the technologies currently used to describe and investigate human obesity are magnetic resonance imaging, computed tomography, ultrasound, dual-energy X-ray absorptiometry and electron microscopy. With these techniques we can discern different anatomical depots of fat, the deposition of lipid around organs and in arteries, the distribution of lipid droplets in muscle tissue, and intracellular lipid.

Notwithstanding all this technology, however, the routine categorization of obesity remains based on a very simple statistical construct that was first proposed by Adolphe Quetelet in 1832.[@dyu060-B1] Quetelet was fascinated by the population distribution of traits, especially that the Gaussian or bell-shaped curve applied not only to the phenomena of nature but also to human characteristics. However, when he began to collect data on body weight (WT) and height (HT), he encountered difficulties in demonstrating the expected normal distribution: "If man increased equally in all dimensions, his weight at different ages would be as the cube of his height. Now, this is not what we really observe. The increase of weight is slower, except during the first year after birth; then the proportion we have just pointed out is pretty regularly observed. But after this period, and until near the age of puberty, weight increases nearly as the square of the height ... which naturally leads to this conclusion ... that the transverse growth of man is less than the vertical*.*" By the start of the 20th century, the issue of adjusting for height when assessing weight had come to the attention of the life insurance industry, which was already aware that life span was associated with relative body weight.[@dyu060-B2] But by this time several different approaches had been proposed, and no convincing argument in favour of any one index had yet been proposed. Alongside Quetelet's WT/HT^2^, others had suggested[@dyu060-B3] WT/HT^3^, W/H and HT/WT^0.33^.

In a classic paper published in 1972, Keys and colleagues set out to resolve this dilemma,[@dyu060-B3] using the following criteria. First, the best index should be one that maximized its correlation with the numerator WT while minimizing its correlation with the denominator HT. They approached this by secondly considering the correlation of the index with measurements of adiposity, as the physiological penalties associated with high body weight were already being attributed to high body fat content. Using these two criteria, Keys and colleagues identified WT/HT^2^ as the optimum obesity index, and proposed that it be known as the 'body mass index' or BMI. They also considered it ideal for all human populations.[@dyu060-B3]

In the following decade, BMI rapidly became adopted as the primary obesity index. In adults, cut-offs of 25 kg/m^2^ and 30 kg/m^2^ were proposed to classify overweight and obesity,[@dyu060-B4] and these remain widely used in many populations, though lower cut-offs have been proposed for Asian populations.[@dyu060-B5] 'International' BMI growth charts were also developed for children using data from several countries, with overweight and obesity defined using age-specific cut-offs that converged on the adult values described above.[@dyu060-B6] Obesity was now a condition defined on relatively robust statistical, rather than direct physiological, criteria. On this basis, it was possible for epidemiologists to observe global trends in obesity prevalence, to investigate the association of obesity and cardio-metabolic risk and to identify obesity risk factors.

It was only after BMI had already become established as the primary obesity index that the accurate assessment of human body composition became possible in large samples. By this time, the health risks of obesity were increasingly attributed to excess adiposity, in particular central abdominal adiposity surrounding the viscera.[@dyu060-B7] Peripheral adiposity, in the gluteo-femoral region, not only appears much less harmful, but may even be protective against chronic diseases.[@dyu060-B8] Give these complex associations between different adipose tissue depots and metabolic health, it seemed logical to revisit the question of the utility of BMI as an index of adiposity---in other words, to re-examine the physiological rather than the statistical basis of BMI.

The conventional approach to this issue involved exploring the association between BMI and the proportion of fat in weight, or % fat. In any dataset, it was clear that as % fat rose, so on average did BMI. On this basis, BMI seemed an adequate index of adiposity. But aside from this correlation, several other facts have become evident. First,[@dyu060-B9] just as Quetelet observed, infancy and puberty are periods during which BMI is not independent of height, and WT is proportional to HT^3^. Second, BMI correlates strongly with other components of weight, such as lean mass and bone mass. Third, both in the normal range of weight and among those who are obese, individuals can differ widely in their body composition even if they have the same BMI value.[@dyu060-B10] In other words, BMI is poor at discriminating the ratio of fat to lean tissue within body weight, as shown in [Figure 1](#dyu060-F1){ref-type="fig"}. Figure 1.Hattori chart for children aged 8 years, measured by isotope dilution. Lean mass index (x-axis) and fat mass index (y-axis) sum to give body mass index (BMI). The arrows identify three boys: A and B have similar BMI but contrasting adiposity; whereas B and C have similar percentage fat despite contrasting BMI. Reproduced with permission.[@dyu060-B16]

On this basis, the utility of BMI as the primary index of obesity may seem questionable, and a number of studies were conducted to test the hypothesis that more specific indices of adiposity would improve the categorization of cardio-metabolic risk. Surprisingly, the results were mixed; for example, whereas some studies reported waist girth to have a stronger association than BMI with chronic disease risk,[@dyu060-B11] other studies found the two variables to be similarly predictive.[@dyu060-B12]

Paradoxically, it seems that the various limitations of BMI as a specific index of adiposity may also be its strengths as a composite index of cardio-metabolic risk. In children and adolescents, tall height and lean mass have been shown to be associated with cardio-metabolic risk, independently of the effects of adiposity,[@dyu060-B13]^,^[@dyu060-B14] hence part of the 'risk' categorized by BMI appears not to derive from adiposity. In adulthood, it is short stature that correlates with cardio-metabolic risk, independently of adiposity.[@dyu060-B15] The contribution of elevated lean mass to cardio-metabolic risk in adults remains little explored, but unpublished data from south Italy (Montagnese, Marphatia, Wells and Ciullo) indicate that lean mass is positively associated with blood pressure, independently of height and adiposity, in adult men but not women.

Obesity remains widely conceptualized as a condition of excess body fat, but we should revisit this assumption; for many aspects of cardio-metabolic risk, it may be useful to think of BMI as a composite index of risk, before we look for specific effects of organs, tissues and their regional distribution. BMI reflects variability in each of adiposity, lean mass and height, and each may contribute to cardio-metabolic risk. This generates the paradox that whereas dividing weight by the square of height is a very simplistic way of assessing nutritional status, it may still generate a valuable index of cardio-metabolic risk. In turn, the role of measuring body composition in more detail may be less about improving the categorization of risk, and more about understanding how that risk is generated through the life course.[@dyu060-B14]
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